Background: Tramadol is a commonly abused erotic drug that recently has gained popularity among young men. It is a centrally acting analgesic used to treat moderate to severe pain. This study aimed to evaluate the chronic toxic effects of tramadol on the reproductive system of male albino rats. It was carried out on 60 rats weighing 130-150 g divided into two groups. The first group (control group) included 30 rats and received normal saline 0.9% 1 ml/day orally for 45 days. The second group (tramadol group) included 30 rats and received tramadol 60 mg/kg subcutaneously three times per week for 45 days. Blood samples were obtained from the animals and analysed for serum testosterone, FSH, LH and prolactin levels. Also, the testes were excised and examined for histopathological changes. Results: The results revealed that there was a decrease in the serum levels of testosterone (P = 0.009), FSH (P = 0.057) and LH (P = 0.002) and an increase in the serum prolactin level (P = 0.166) in animals treated with tramadol. In addition, histopathological examination revealed distinct abnormal changes compared with the corresponding control group. Conclusion: The present study affirms the deleterious chronic toxic effects of tramadol on the reproductive system of male albino rats. It is thus advisable that tramadol should be used with caution with appropriate dose monitoring to avoid its undesirable side effects on male fertility.
Background
Recently, the use of sexual stimulants like opioids has gained a wide popularity among young men without erectile dysfunction [1] . Reasons for the use of sexual stimulants in the absence of erectile disease include the urge to augment sexual drives, the desire to achieve a harder and long-lasting erection, the urge for higher coital frequency and the willingness to delay ejaculation [2] . Previous studies had reported that erotic medications used in the treatment of erectile dysfunction and premature ejaculation are widely abused and are associated with various degrees of discernible side effects [3] .
Tramadol is a centrally acting analgesic with a dual mode of action, including an opioid and non-opioid component. It is an agonist of the opioid receptors, but in addition, it also inhibits the serotonin and norepinephrine reuptake enhancing the inhibitory effects on pain transmission in the spinal cord [4] . It is prescribed to treat pain of moderate to severe intensity [5] . The reported side effects of tramadol include headache, dizziness, somnolence, nausea, constipation, sweating, pruritus and central nervous system stimulation [6] .
Tramadol has low plasma protein binding (20%) and wide tissue distribution. It is eliminated primarily through the liver (metabolism to O-desmethyl tramadol and N-desmethyl tramadol) and partially through the kidney (up to 30% of dose). O-desmethyl tramadol has a considerably greater affinity for opioid receptors than the parent drug and is a more powerful analgesic. The half-lives of the active ingredients range from 4.5 to 9.5 h, and total plasma elimination of tramadol is reasonably high (600 ml/min). The interaction potential of tramadol is considered negligible because it does not influence the disposition of other drugs [7] . Although tramadol has apparently a low potential for abuse, yet there is reported evidence of abuse, addiction and withdrawal [8] . Repeated tramadol administration may lead to accumulation of toxic metabolites, increase the risk of pharmacokinetic interactions and/or decrease its elimination, thus increasing its potential for toxicity [9] . Chronic use of tramadol has been reported to adversely affect the male reproductive tissues. For example, Safarinejad et al. [10] demonstrated serious reproductive toxicity, like increased sperm DNA damage mediated by testicular oxidative damage.
The objectives of the present work are to evaluate the biochemical and testicular histopathological changes induced by chronic administration of tramadol in male albino rats. No doubt that rodents have long served as good research subjects due to their biological similarity with humans, short life-cycles so they can be easily studied throughout their whole life-span and ease of control of surrounding conditions (e.g. diet, temperature, lighting), which would be difficult to do with people.
Methods
This experimental work is a toxicological study of a commonly used erotic drug on the reproductive system of male albino rats. It was carried out in accordance with the national and institutional ethics for the care and use of laboratory animals. The study included biochemical analysis of the serum levels of testosterone, prolactin, FSH and LH in the rats after subcutaneous injection of tramadol, in addition to histopathological examination of the excised testes.
Drugs
Tramal (tramadol HCl), 100-mg ampoules, were purchased from Minapharm Pharmaceutical Company, Cairo, Egypt.
Laboratory animals
The animals were obtained and maintained in the animal house facility of Beni-Suef University, Egypt. They were kept in metabolic cages at 22 + 2°C with a humidity of 50 + 5% and a 12-h/12-h light/dark cycles. They had free access to water and rat chow ad libitum. The acclimatization of the animals lasted for 7 days before tramadol administration.
Study design
The animals (male albino rats, weighing 130-150 g, 8-10 weeks old) were randomly allocated into two groups. Sample size was determined after wide review of literature and available methods, e.g. E and Power analysis methods. The first group (control group) included 30 normal male rats, each received normal saline 0.9% 1 ml/day orally by gavage for 45 days. The second group (tramadol group) included 30 male rats and received tramadol 60 mg/kg subcutaneously three times per week for 45 days. Administered doses and routes of administration were based on a wide literature search as well as preliminary studies.
Sampling
The rats were sacrificed under anaesthesia with sodium thiopental (a well-known general anaethestic commonly used in rats), and blood samples were obtained from each animal and immediately poured into heparinized tubes. The sera were centrifuged and preserved at − 20°C until used for biochemical analysis. The testes were excised, cleared of the adherent connective tissue, fixed in Bouin solution and processed for histopathological examination.
Biochemical analysis
The serum levels of testosterone, FSH, LH and prolactin were determined using ELISA kits according to the manufacturer's instructions.
Histopathological study
After fixation, the specimens were dehydrated in alcohol, cleared in xylene and embedded in paraffin. Paraffin sections of 5-μm thickness were cut by a rotatory microtome, mounted on clean slides and stained with haematoxylin and eosin for histopathological examination.
Statistical analysis
The collected data were expressed as means ± standard deviation for all parameters. For comparison of the statistical significance between the studied groups, Student's t test was used. A P value less that 0.05 was set to represent statistical significance.
Results

Biochemical findings
The results revealed that administration of tramadol 60 mg/kg three times per week for 45 days statistically reduced the serum testosterone level accompanied by an increase in the serum prolactin level and a decrease in the serum LH levels compared to the control group (Table 1) . Concerning FSH, a decrease in the serum level was observed in the tramadol group but with a borderline significance (P = 0.057).
Histopathological findings
The testicular sections prepared from the control group showed normal appearance of the seminiferous tubules and interstitial tissue. The tubules were lined with germinal cells and supporting sertoli cells. The germinal cells were arranged in several layers from the basement membrane towards the lumen of the tubules. These layers are formed of a series of spermatogenic cells at different stages of maturation including spermatogonia, primary spermatocytes, secondary spermatocytes, spermatids and mature sperms. The interstitial tissue stroma between the seminiferous tubules contained the interstitial cells of Leydig (Fig. 1) .
Sections prepared from the animals treated with tramadol revealed distinct histological changes with abnormal appearance of the germinal epithelium. The majority of the seminiferous tubules exhibited damage with disorganized spermatogenic cells that showed prominent multiple desquamations and vacuolar degeneration. Numerous apoptotic and multinucleated giant cells were also seen. Many spermatogenic cells appeared with pyknotic nuclei. Furthermore, absence of spermatozoa was clearly recognized. The interstitial tissue showed marked edema and vascular congestion. In addition, foci of dystrophic calcification were found in some cases. Leydig cells were markedly reduced (Figs. 2, 3, 4, 5 and 6 ).
Discussion
Sex-enhancing drugs have become some of the most prescribed and abused pharmaceuticals in the last years. Indeed, it is reasonable to believe that recreational use of erotic medications may exceed their recommended medical use [3] .
Several studies on the effect of chronic consumption of opioids on the male reproductive system have revolved around testicular oxidative stress as the mediator of reproductive toxicity. Opioids are among the most useful therapeutic drugs for pain management. Their side effects have been a wide subject of research. However, one of their side effects, namely male hypogonadism, has not been fully elucidated.
The current study revealed that rats treated with tramadol had lower serum levels of testosterone (P = 0.009), FSH (with a borderline significance) (P = 0.057) and LH (P = 0.002) and an increased prolactin level (P = 0.166) compared with the control rats. The reduced serum levels of FSH and LH were explained by Bliesener et al. [11] who showed that the opioid effect on the gonadotropinreleasing hormone (GnRH) is mediated partly through the increased prolactin levels. In addition, Pimpinellei et al. [12] reported that increased prolactin synthesis could directly inhibit testosterone synthesis. Moreover, ElGaafarawy [13] reported the reduction of serum levels of FSH, LH and testosterone and the induction of prolactin secretion following paroxetine (opioid with tramadol-like action acting on opioid receptors) treatment. The results suggest that tramadol administration might influence the release of testosterone via the hypothalamo-hypophyseal- gonadal axis. In addition, it is well known that LH is regulated by numerous neurotransmitters, including endogenous opioid peptides [14] . The present results were also explained by Katz [15] . The long-term effects of opioids on the endocrine system include reducing testosterone levels by central reduction of LH release. There are peripheral effects on the testis as well since tramadol also increases aromatization of testosterone to estradiol [16] . It is noteworthy that in our study the reduction in FSH was with a borderline significance (P = 0.057). This reduction may not be sufficient enough to reach a marked statistical significance but it may be of biological significance. Negative feedback effect may also play a role in this effect as indicated by Farag et al. [17] . Opioids are well known to affect sexual drive in male humans and rodents [18] . Mckim [19] reported that opioids decrease the levels of sex hormones and result in diminished fertility of both males and females. Azari et al. [20] detected a significant association between chronic tramadol administration and impaired quality of sperm parameters including a reduction in sperm count, motility and vitality in mice. Also, in a study conducted by Heidari et al. [21] , chronic administration of methadone had deleterious effects on the testicular tissue in male rats. Furthermore, Babaei et al. [22] showed that long-term administration of buprenorphine could reduce the serum testosterone level, damage spermatogenesis and affect fertility in male rats.
Although the cellular effects of long-term administration of tramadol are not fully understood [23] , much of their toxic effects may be attributed to lipid peroxidation [24] . The spermatozoa are highly susceptible to peroxidative 
damage due to the high content of polyunsaturated fatty acids present within their plasma membranes [25] . The increased lipid peroxidation and altered membrane can induce sperm dysfunction through impaired metabolism, motility and oxidative damage to sperm DNA [26] . Superoxide dismutase (SOD) was found to protect human spermatozoa from the oxidative damage [27] . Safarinejad et al. [10] demonstrated a significant reduction in SOD activity in the semen of opioid abusers. El-Gaafarawi [13] reported a significant increase in serum malondialdehyde levels in tramadol-treated rats indicating an increase in lipid peroxidation. A significant decrease in sperm quality and an increase in spermatozoa DNA fragmentation in the semen of opioid abusers were reported by Safarinejad et al. [10] . Furthermore, long-term exposure to heroin (opioid with tramadol-like action acting on opioid receptors) causes a decrease in sperm motility because it has been linked to oxidative stress [28] . Also, an increase in sperm DNA damage was observed following amphetamine administration in male rats [29] . The pathological features in the current study are indicative of tramadol toxic effect on the male reproductive organs. The data obtained from histopathological examination showed that long-term administration of tramadol caused frank testicular atrophic changes. A similar finding together with induced structural sperm abnormalities have been observed by Azari et al. [20] . They added that such effects may be attributed to the spermicidal effect of tramadol. Reuhl et al. [30] showed thickening of the basement membrane of seminiferous tubules, tubular atrophy and arrest of cell maturation in opioid abusers. It is well known that changes in the basement membrane thickness can impair testicular metabolism promoting tubular atrophy. The duration of drug abuse affects to a great extent the degree of testicular damage [31] . The effect of long-term administration of tramadol on the testicular function was investigated by Ahmed and Kurkar [32] . In their study, the studied rats received 40 mg/kg of tramadol as subcutaneous injection three times per week for 8 weeks. Their results revealed that endothelial nitric oxide synthase expression was upregulated in the testicular tissues. Also, tramadol reduced the sperm count, motility and the number of Leydig cells. They concluded that chronic administration of tramadol affects the testicular function of adult male rats through overproduction of nitric oxide and the induction of oxidative stress. The long-term effects of tramadol on the testicular tissue and spermatogenesis have also been evaluated in previous experimental studies on rats. Ghoneim et al. [33] reported that chronic usage of tramadol induced arrest of spermatogenesis together with sloughing of the germinal epithelium, thickening of the basement membrane of the seminiferous tubules and apoptotic changes. Further, in another study, Abou El Fatoh et al. [34] reported the presence of severe diffuse testicular degeneration without spermatogenesis following long-term administration of tramadol. The spermatocytes were mostly necrotic.
Animals have been used to study the kinetic and dynamic aspects of toxicants, and they offer the opportunity of providing evidence on the translational value of animal models for humans. However, they have to be cautiously interpreted when applying them to the humans. No doubt that epidemiological studies are still the best method for evaluating the human risk and the influences of environmental toxicants [35, 36] . In the current research, however, it would be somehow problematic to find normal subjects chronically administering pain relievers such as drug abusers. Therefore, more animal studies may be useful in this respect.
Conclusions
In conclusion, the data obtained from this study show that long-term administration of tramadol has adverse effects on adult male rats on the biochemical and histopathological levels. It is thus advisable that tramadol abuse should be avoided without medical description and users of tramadol should seek medical help to minimize its undesirable effects. However, further studies on the effect of tramadol on sex hormone levels and changes in the quality of sperm parameters are recommended.
